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In his pioneering paper [2], Yong has described the dynamics of a compressible fluid with
Maxwell delayed viscosity as a symmetric hyperbolic system of balance laws, and shown that
the solutions of this system tend to solutions of the Navier-Stokes equations.
The purpose of the present note is to propose a Galilei invariant version of Yong’s model.
For a barotropic fluid, e = e(v), v = 1/ρ, and p = p(v) = −e′(v), with −p′(v) = e′′(v) > 0



















































τ 2), F j = ((E + p)δij +
1
ǫ
(σij + τδij))ui. (2)
Theorem 1. (i) Using (E, F j) from (2) as an (“entropy”, “entropy” flux) pair, system (1)




,j ≤ 0. (3)















, 0τ) ∈ Hs(Rd), s > d/2+1 and 0ρ
0
> 0 is uniformly bounded away from 0,
there exists a T > 0 such that system (1) has a solution in C1([0, T ], Hs(Rd)) that assumes
these data.
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have a solution in C1([0, T ], Hs(Rd)) for some T > 0, then there exists an ǭ > 0 such that
for every ǫ ∈ (0, ǭ) system (1) has a unique solution in C1([0, T ], Hs(Rd)) for the same data
with σkl = ǫµcklji u
i
,j, τ = ǫνu
j
,j, and the (ρ, u)-parts of these solutions converge, as ǫ ց 0, to
the solution of (4).







































































































































































,j = 0. (5)
2
Since E as a function of the conserved quantities ρ,mj = ρuj, Skl = ρσkl, T = ρτ ,
E = ρe(ρ) +
m2 + S2 + T 2
2ρ
with m2 = mim




























































the remaining part of the assertion follows from [1].
(ii) and (iii) follow in direct analogy with Yong’s beautiful argument for his Theorem 3.1 in
[2].
Very similar considerations hold for nonbarotropic fluids, e = e(v, s) with
D2e > 0, (7)






























The same calculation as above, now taking into account that in this situation e and p depend










where θ = es(v, s) is the temperature. Equation (9) implies that ηt+ q
j
,j ≥ 0, i.e., the second
law of thermodynamics holds with
η = ρs, ζj = ρsuj . (10)




,j = 0, (11)
3
which means that (η, ζj) is an (entropy, entropy flux) pair for it. Assumption (7) implying
that E is a convex function of the conserved quantities ρ,mi, Skl, T, η, we see that −η is a
convex function of the conserved quantities ρ,mi, E, Skl, T .
We have thus proven
Theorem 2. Using the (entropy, entropy flux) pair (η, ζj), system (8) can be written as a
symmetric hyperbolic system of balance laws. All its solutions generate entropy,
ηt + ζ
j
,j ≥ 0. (12)














, 0τ ) ∈ Hs(Rd), s > d/2 + 1, and 0ρ, 0θ > 0 are uniformly bounded
away from 0, there exists a T > 0 such that system (8) has a solution in C1([0, T ], Hs(Rd))
that assumes these data.




















Ê = ρ(e(1/ρ) +
1
2
u2), F̂ j = (Ê + p)uj (14)
have a solution in C1([0, T ], Hs(Rd)) for some T > 0, then there exists an ǭ > 0 such that
for every ǫ ∈ (0, ǭ) system (8) has a unique solution in C1([0, T ], Hs(Rd)) for the same data,
augmented via σkl = ǫµcklji u
i
,j, τ = ǫνu
j
,j, and the (ρ, u, s)-parts of these solutions converge,
as ǫ ց 0, to the solution of (13).
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